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There are two crystallographically independent complex 
molecules with very similar geometries in the unit cell of the 
title compound, [Mn(C 6 H 4 NO 2 ) 2 (H 2 O) 2 ]0.5C 3 H v NO. The 
central ion is situated in a distorted octahedral environment 
of two N- and four O-donor atoms from two pyridine-2- 
carboxylate ligands and two cw-disposed water molecules. The 
carboxylate ligands are coordinated in a chelate fashion with 
the formation of two five-membered rings. In the crystal, the 
complex molecules are connected by O— H- ■ O hydrogen 
bonds between the coordinated water molecules and the 
uncoordinated carboxylate O atoms, thus forming hydrogen- 
bonded walls disposed perpendicularly to the be plane. 

Related literature 

For the use of hydroxamate and carboxylate ligands in the 
synthesis of polynuclear compounds, see: Sliva et al. (1997); 
Fritsky et al. (1998); Mokhir et al. (2002); Sachse et al. (2008). 
For hydrolytic destruction of hydroxamate ligands upon 
complex formation, see: Dobosz et al. (1999); Swiatek- 
Kozlowska et al. (2000). For the synthesis of pyridine-2- 
hydroxamic acid, see: Hynes (1970). For related structures, 
see: Kramer & Fritsky (2000); Fritsky et al. (2001); Kovbasyuk 
et al. (2004); Worl et al. (2005a,Z>); Moroz et al. (2010). 
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Experimental 

Crystal data 

[Mn(C 6 H 4 N0 2 ) 2 (H 2 0) 2 ]- 

0.5C 3 H 7 NO 
M r = 371.73 
Triclinic, PI 
a = 8.6860 (17) A 
b = 13.532 (3) A 
c = 14.871 (3) A 
a = 73.18 (3)° 

Data collection 

Nonius KappaCCD diffractometer 
Absorption correction: multi-scan 

(DENZO/SCALEPACK; 

Otwinowski & Minor, 1997) 
= 0.834, T max = 0.932 

Refinement 

R[F 2 > 2a(F 2 )] = 0.056 

wR(F 2 ) = 0.157 

S = 1.04 

7243 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



j3 = 73.53 (3)° 
y = 72.37 (3)° 
V = 1557.4 (7) A 3 
Z = 4 

Mo Ka radiation 
li = 0.89 mm -1 
T = 120 K 

0.21 x 0.15 x 0.06 mm 



13428 measured reflections 
7243 independent reflections 
5370 reflections with / > 2a(I) 
R iM = 0.029 



426 parameters 

H-atom parameters constrained 
Ap»ax = 1-73 e A~ 3 
A/) mi „ = -0.87 e A~ 3 
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Symmetry codes 


(1) A 


+ 1. -v+ 1, -z; 


(ii) x — 1, _v, z; 


(iii) — x + 1, — y, 


-z + 1; (iv) 



-x + 2, -y + 1, -z. 

Data collection: COLLECT (Nonius, 2000); cell refinement: 
DENZO/SCALEPACK (Otwinowski & Minor, 1997); data reduc- 
tion: DENZO/SCALEPACK; program(s) used to solve structure: 
SIR2004 (Burla et al, 2005); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: DIAMOND 
(Brandenburg, 2008); software used to prepare material for publi- 
cation: SHELXL97. 
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DiaquabisCpyridine-l-carboxylato-zc 2 7V,0)manganese(II) dimethylformamide hemisolvate 
I. A. Golenya, A. N. Boyko, V. A. Kalibabchuk, M. Haukka and S. V. Tomyn 

Comment 

Polynuclear complexes based on hydroxamic and carboxylate ligands are widely used in coordination chemistry and mo- 
lecular magnetism (Slivae? ah, 1997; Fritsky etal, 1998; Mokhir et ah, 2002; Sachse etal, 2008). In the course of synthesis 
of polynuclear compounds, the hydroxamic functions (especially those neighboring with adjacent alternative donor groups) 
sometimes undergo hydrolytic destruction (Dobosz et ah, 1999; Swiatek-Kozlowska et ah, 2000). The title compound was 
obtained as a result of hydrolytic decomposition of pyridine-2-hydroxamic acid by reaction with manganese(III) acetate. 

The central ion of the title compound is situated in a distorted octahedral environment of two N and four O donor atoms 
from two pyridine-2-carboxylates and two cw-disposed water molecules (Fig. 1). The carboxylate ligands are coordinated 
in a chelate fashion with formation of two five-membered rings. 

The C — O bond lengths in the carboxylic moieties differ insignificantly which is normal for monodentately coordinated 
carboxylates (Worl et ah, 2005a,b). The C — C and C — N bond lengths in the pyridine rings exhibit normal values (Kramer 
& Fritsky, 2000; Fritsky et ah, 2001; Kovbasyuk et ah, 2004; Moroz et ah, 2010). 

In the crystal neighboring complex molecules are connected through H-bonds between the coordinated water molecules 
and the non-coordinated carboxylic O atoms thus forming H-bonded walls disposed perpendicularly to the yz plane (Fig.2). 

Experimental 

Manganese(III) acetate dihydrate (0.0268 g, 0.1 mmol) was dissolved in water (3 ml) and mixed with a solution of pyrid- 
ine-2-hydroxamic acid (0.0414 g, 0.3 mmol) (Hynes, 1970) in methanol (3 ml). The mixture was stirred for 30 min. and 
fdtered. The insoluble residue was dissolved in DMF (3 ml) and set aside for crystallization by slow diffusion of methyl 
tert-buthyl ether vapours to the formed solution. The light-yellow crystals that formed in 5-7 days were filtered off, washed 
with methyl tert-buthyl ether and dried. Yield 74%. Elemental analysis calc.(%) for C27H 31 Mn 2 N 5 Oi3: C 43.62; H 4.20; 
N 9.42; Mn 14.78; found: C 43.86; H 4.12; N 9.29; Mn 15.01. 

Refinement 

Water O — H hydrogen atoms were located from a difference Fourier map. In the final refinement cycles they were con- 
strained to ride on the parent atoms with C/i so =1.5 (7 e q(parent atom). The remaining H atoms were positioned geometrically 
and were constrained to ride on their parent atoms with C — H = 0.95-0.987 A, and with U lso = 1.2-1.5 £/ e q(parent atom). 
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Figures 




Fig. 1. The molecular structure of the title compound showing the atom-numbering scheme 
employed. 



Fig. 2. A packing diagram for the title complex. H-atoms not involved in H-bonds are omit- 
ted for clarity. 



Diaquabis(pyridine-2-carboxylato-K iV,0)manganese(ll) dimethylformamide hemisolvate 



Crystal data 

[Mn(C 6 H4NO2)2(H2O)2]-0.5C 3 H 7 NO 

M,-= 371.73 

Triclinic, PI 

Hall symbol: -P 1 

a = 8.6860 (17) A 

b= 13.532 (3) A 

c = 14.871 (3) A 

a = 73.18 (3)° 

(3 = 73.53 (3)° 

y = 72.37 (3)° 

V= 1557.4(7) A 3 



-3 



Z=4 

^(000) = 764 
D x = 1.585 MgnT 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 4574 reflections 
6 = 3.0-27.5° 
|i = 0.89 mnT 1 
T= 120 K 
Block, pale yellow 
0.21 x 0.15x0.06 mm 



Data collection 



Nonius KappaCCD 
diffractometer 
Radiation source: fine- focus sealed tube 
horizontally mounted graphite crystal 

Detector resolution: 9 pixels mm" 1 
cp scans and co scans with k offset 
Absorption correction: multi-scan 
(DENZOISCALEPA CK; Otwinowski & Minor, 1997) 
r min = 0.834, 7 max = 0.932 
13428 measured reflections 



7243 independent reflections 

5370 reflections with / > 2a(I) 
R int = 0.029 

Qmax = 28.8°, 9 m ; n = 2.9° 
11 



h = -n 
k=-n 

l = -19- 



+ 18 
► 19 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.056 
wR(F 2 ) = 0.157 
S= 1.04 

7243 reflections 
426 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = l/[c 2 (Fo 2 ) + (0.1017P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap m ax= 1.73 eA -3 
Ap mi „ = -0.87eA" 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 


II- *IJJ 


Mnl 


0.41145 (6) 


0.09669 (4) 


0.28566 (3) 


0.01596 (13) 


Ol 


0.4153 (3) 


-0.16990 (17) 


0.51623 (15) 


0.0198 (5) 


02 


0.4925 (3) 


-0.03998(17) 


0.39416 (15) 


0.0197 (5) 


03 


0.8614(3) 


0.13230 (19) 


0.08858 (18) 


0.0284 (5) 


04 


0.6391 (3) 


0.14520 (17) 


0.21013 (15) 


0.0202 (5) 


OIW 


0.2631 (3) 


0.22912 (17) 


0.20112 (15) 


0.0234 (5) 


H1W1 


0.2914 


0.2536 


0.1417 


0.035* 


H1W2 


0.1736 


0.2753 


0.2312 


0.035* 


02W 


0.3491 (3) 


0.19490 (18) 


0.38793 (16) 


0.0225 (5) 


H2W1 


0.2781 


0.2528 


0.3900 


0.034* 


H2W2 


0.4144 


0.1814 


0.4245 


0.034* 


Nl 


0.1996 (3) 


0.0162 (2) 


0.34259 (17) 


0.0178 (5) 


N2 


0.5325 (3) 


0.0018(2) 


0.16917(18) 


0.0182 (5) 


CI 


0.2246 (4) 


-0.0686 (2) 


0.4167 (2) 


0.0168 (6) 


C2 


0.1082 (4) 


-0.1278 (3) 


0.4631 (2) 


0.0230 (7) 


H2 


0.1292 


-0.1872 


0.5147 


0.028* 


C3 


-0.0404 (4) 


-0.0984 (3) 


0.4327 (2) 


0.0258 (7) 


H3 


-0.1225 


-0.1376 


0.4636 


0.031* 



sup-3 



supplementary materials 



CA 

C4 


A A/^7 1 /'/lA 

— U.UO/1 (4J 


A A 1 1 A f1\ 

— u.ui iy (3 j 


A 1 C7/1 fO 1 * 

U.3 J /4 (ZJ 


A A71 O ^7\ 

U.UZ30 ( /J 


H4 


A 1 £7C 
U. 1 0 / J 


A AAO/1 

u.uuy4 


U.33J0 


A A7A* 

u.uzy^ 


Cj 


A AC C C //1\ 

U.Ujjj (4) 


U.U434 (3) 


U.314Z (ZJ 


A A7 1 7 /7\ 
U.UZ1 / (/J 


I I c 

rlj 


U.U3 /U 




U.Z0Z3 


u.uzo 


Co 


a iaa7 //ia 
U.iVU / (4) 


A AA/1 1 

— U.Uy43 (Z) 


A AAAC /">\ 

U.4440 (ZJ 


A A 1 OA 

U.UloU (0J 


c/ 


A £.H1£. ( A \ 
U.O /30 (4J 


U.UZOU (ZJ 


A 117 1 /")\ 

U. 1 1Z1 (ZJ 


A A 1 O 1 f£\ 

U.Ulol (0J 


PO 


a 7£ /i c /"/i\ 
U. /04 J (4) 


A ATI £ 

-U.UZ30 (3) 


A A177 

U.U3 / / (ZJ 


A A77 1 /7\ 

U.UZZ1 (/J 


I I Q 

rio 


u.oozz 


A AAQQ 

u.uu3y 


A AA7 1 

U.UUZ1 


A A77* 

u.uz / 


Cv 


a 7 1 ai //i\ 
U. /1U3 (4) 


A 1 A1 1 

— U.1U31 (3) 


{j.UZZZ (ZJ 


A A71 1 /7\ 

U.UZ31 (/J 


tiy 


U. / /UZ 


A 1 lOI 

— U. 13o3 


a mo/; 
— U.UZoO 


A A70* 

U.UZo^ 


C1U 


u.jo /y (4j 


— u. izyy (3 ) 


A AO 1 Q f~)\ 

u.uoiy (zj 


A A7/1 C (~l\ 

U.UZ4J ( 1) 


I I 1 (\ 
rilU 


A Oft/I 

u. jzy4 


A 1 O/l 7 

— U. lo4 / 


A A71/^ 

U.U /30 


A A7Q* 

u.uzy^ 


i i 
CI 1 


A /I 0 1 A /'/lA 

U.4oiy (4J 


A A7C 1 /">\ 
— U.U ID 1 (ZJ 


A 1 C/1 /^7\ 

U. 1 J40 (ZJ 


A A7 1 1 

U.UZ1 1 (oj 


1 1 1 1 
ril 1 


U.3O30 


A AA1 1 

— u.uy3 1 


A 1 AC1 

u. iyj3 


A A7C* 

U.UZj^ 


K^LZ 


A 71A7 Z/IA 

U. /3U / (4J 


a i Aoo / y\ 
U. lUoo yZ) 


A 1 1Q 1 / , 7\ 

U. 1301 (ZJ 


A A 1 Ol (&\ 

U.U103 (0 J 


MnZ 


A 7A0 1 /I ^C\ 

u. /yoi4 [p ) 


U.4U33 D (4 J 


U.Z 1 J ID (3 J 


AA1C01 ^11\ 

U.UI jo3 (13J 


Uj 


1 AO 1 1 /1\ 

l.Uoll (3) 


u.3d izz (iyj 


A /I 7A7/1 /1 7\ 
U.4ZU /4 (1 I) 


A A77A /C\ 

u.uz/y (Jj 


Uo 


A AAAC S1\ 

v.yyyj (3) 


A 1 C/i in /I 7\ 

u.3joiy (i 1) 


A 7A1 /I 1 /1 C\ 

u.zyi4i (ijj 


A A 1 C\£. fC\ 

u.uiyo (jj 


\J 1 


A 7£Q7 /"3\ 

U. /Oo / (3J 


a /;/;o'i7 7\ 
U.0003 / \ Y 1 ) 


A A 1 771 /I C\ 
U.UI III (1 J J 


A A 1 Q/C SC\ 

u.uiyo (j j 


Uo 


A OCAC /1\ 

U.ojUj (3) 


A C /I T> 1 /"1 7\ 

U.J4ZZ1 (1 1) 


A 1 ACA7 C\ C\ 

u.iujyz (1 jj 


A A 1 O O f A \ 

U.Uloo (4J 


<J3W 


A £AA7 /1\ 

u.oyy / (3) 


A "i1C\£.A 7\ 

U.Z /U04 (1 /J 


A 1 AAC1 /1 C\ 

U.3UUD3 (IjJ 


A A71 A /C\ 

U.UZ34 (Jj 


T-J1YX/ 1 
1 1 3 VV 1 


a £77c 
U.O /ZD 


A TCA/1 

U.ZDU4 


a i/;a/; 
U.30U0 


A A1C* 

U.U3J 


ri3 W Z 


a £o/;i 
U.0003 


u.zzy / 


U.Z / 10 


A A1C* 

U.U3J 


(~\AW7 

U4 W 


U.yZ33 (3 J 


A 1 AQ1 1 n Q\ 

U.3Uy31 (,loJ 


A 1 1 A07 (\ £\ 
U.llUoZ (10J 


U.UZZ0 (j J 


ri4W 1 


A A 1 1 1 

u.yi ii 


A 1 C 1 O 

U.ZMo 


A 1 AC A 
U.1UM 


A A1 A * 

U.U34* 


TJA WT") 

rl4W Z 


1 A1 A 1 
1.U1U1 


a n^i 
U.3Z03 


A A777 
U.U IZ 1 


A A1/1 * 

U.U34^ 


JN3 


A 7 1 C C /1\ 
U. /I J J (3) 


u.4y!>o \Z) 


A 11/11C f \ Q\ 

U.3341J (loj 


A A 1 7/1 /C\ 
U.UI /4 (jj 


XT /I 

JN4 


A /1\ 

U.jOZZ (3 J 


A /I 017 (") \ 

U.4o3 1 \Z) 


A 1 £AAO (\ H\ 

U. lOUUo (1 /J 


A A 1 77 /'CA 
U.UI / / (jJ 


pi i 
CI J 


U.J I IZ (4) 


A Cl 1 O 
U.J / lo (ZJ 


A 1 A AO 

U.34yo (ZJ 


A A7AO 

U.UZUo (0J 


1 1 1 1 

ril3 


A CA11 

U. JU33 


u.jyi / 


A 1A77 
U.3U / / 


A A7C* 

U.UZj 


pi /i 
C14 


A CI £7 ( A\ 

U.J30 / (4) 


A /I /1\ 

U.0Z34 (3J 


A A 7CA 

U.4ZjU (ZJ 


A A77C /H\ 

U.UZZj (/J 


I I 1 A 

ri!4 


A A 1 01 

U.43o3 


A /^70 1 

U.O /ol 


A /1 11 7 

U.433Z 


A A77* 
U.UZ /* 


CI J 


A CA 7 C /'/lA 

U.04ZJ (4) 


A CQI/^ ^1\ 

U. jy30 (3 J 


A A Q~IA f~)\ 

U.4o /4 (ZJ 


U.UZ30 ( 1) 


I I 1 c 

rll 3 


U.OlOo 


U.0Z04 


U. J4U1 


A A70* 

U.UZO 


CIO 


A 707C ( A\ 
U. /O ID (4) 


A C 1 /I C /^1\ 

U.j14j (3J 


A A 7 1 A /^7\ 

u.4 /iy (zj 


A A7 1 & (C\ 

U.UZ10 (0 J 


rilO 


U.oOZZ 


A /I AO 1 

u.4yzi 


A C 1 1 O 

U.M30 


A A7£ * 

U.UZO* 


Cl / 


A O 1 QO (A\ 

U.oiyo (4J 


U.40y3 (ZJ 


A IQIO 

U.3y30 (ZJ 


A A 1 Q 1 f£\ 

U.U101 (0 J 


PI o 

Clo 


A AOA/i 

u.youo (4) 


A 1 07 1 /">\ 

U.30/1 (Zj 


A i /;oa 
U.30oU (ZJ 


A A 1 A7 

u.uiy / (oj 


P 1 Q 

CIV 


A C770 ( A\ 

U.j / /o (4) 


U.jOoU (ZJ 


A AO/1 O 

U.Uo4o (ZJ 


A A 1 £. C f£\ 

U.UIOj (0 J 


CzU 


U.44yj (4) 


U.OZjZ (ZJ 


A A1 Ol 

U.U3o3 (ZJ 


A A7A/1 

U.UZU4 (0J 


I IZU 


U.404U 


a /;oi/; 
U.0030 


U.U140 


A A7/1 * 

U.UZ4 


pi i 
Czl 


A Oflfl/; ( A\ 

u.zyyo (4) 


a cn/; 1 /i\ 

u.jyoi (3J 


A A7AA 
U.U /UU (ZJ 


A A71 O fl\ 

U.UZ3o ( 1) 


riZl 


A 0 1 AA 

U.Z1UU 


A £.1A 1 

U.0341 


A A1A7 

u.u3yz 


a mo* 

u.uzy 


Czz 


A IOTA 

U.zsiU (4) 


a c 1 m /i ^ 

0.5102 (3) 


A 1 A 1 C 

0.1475 (2) 


A A71 C SH\ 

0.0236 (7) 


H22 


0.1815 


0.4889 


0.1709 


0.028* 


C23 


0.4172 (4) 


0.4558 (3) 


0.1901 (2) 


0.0213 (6) 


H23 


0.4058 


0.3966 


0.2425 


0.026* 


C24 


0.7461 (4) 


0.5947 (2) 


0.0553 (2) 


0.0175 (6) 


09 


0.2692 (4) 


0.7270 (3) 


0.2913 (3) 


0.0718(12) 



sup-4 



supplementary materials 



JN5 


A AT7A { A\ 

U.U2 /U (4) 


U. /OU5 (3) 




U.lZDi (0) 


0. /14U (4) 


rlzj 


A no/;'! 
U.U603 


A 1 


C/6 


A AO 1 1 

U.U813 (D) 


a on/: 
U.8336 (4) 


H/6A 


A AT /I 1 

U.U24J 


A AA"7A 
U.9U /U 


H26B 


0.0550 


0.8178 


H26C 


0.2010 


0.8249 


C27 


-0.1407 (6) 


0.7521 (5) 


H27A 


-0.1711 


0.7089 


H27B 


-0.1499 


0.7184 


H27C 


-0.2152 


0.8233 



Atomic displacement parameters (A 2 ) 









u 




U 


Mnl 


0.0194 


(2) 


0.0161 


(2) 


0.0105 


Ol 


0.0257 


(11) 


0.0179 


(11) 


0.0129 


02 


0.0207 


(11) 


0.0202 


(11) 


0.0167 


03 


0.0245 


(12) 


0.0319 


(13) 


0.0314 


04 


0.0245 


(11) 


0.0213 


(11) 


0.0153 


OIW 


0.0281 


(12) 


0.0219 


(12) 


0.0109 


02W 


0.0215 


(11) 


0.0256 


(12) 


0.0211 


Nl 


0.0212 


(13) 


0.0184 


(13) 


0.0119 


N2 


0.0191 


(13) 


0.0192 


(13) 


0.0156 


CI 


0.0202 


(14) 


0.0184 


(15) 


0.0112 


C2 


0.0285 


(17) 


0.0224 


(16) 


0.0152 


C3 


0.0254 


(17) 


0.0305 


(19) 


0.0225 


C4 


0.0230 


(16) 


0.0295 


(18) 


0.0189 


C5 


0.0255 


(16) 


0.0253 


(17) 


0.0121 


C6 


0.0258 


(16) 


0.0178 


(15) 


0.0101 


C7 


0.0213 


(15) 


0.0174 


(15) 


0.0158 


C8 


0.0216 


(15) 


0.0250 


(17) 


0.0182 


C9 


0.0249 


(16) 


0.0215 


(16) 


0.0240 


C10 


0.0295 


(17) 


0.0219 


(17) 


0.0262 


Cll 


0.0220 


(15) 


0.0194 


(15) 


0.0222 


C12 


0.0204 


(15) 


0.0164 


(15) 


0.0174 


Mn2 


0.0197 


(2) 


0.0157 


(2) 


0.0107 


05 


0.0278 


(12) 


0.0315 


(13) 


0.0285 


06 


0.0217 


(11) 


0.0216 


(11) 


0.0150 


07 


0.0253 


(11) 


0.0184 


(11) 


0.0127 


08 


0.0203 


(11) 


0.0195 


(11) 


0.0144 


03W 


0.0395 


(13) 


0.0236 


(12) 


0.0099 


04W 


0.0243 


(12) 


0.0240 


(12) 


0.0209 


N3 


0.0197 


(12) 


0.0154 


(12) 


0.0166 


N4 


0.0228 


(13) 


0.0174 


(13) 


0.0122 


C13 


0.0219 


(15) 


0.0202 


(16) 


0.0201 


C14 


0.0218 


(16) 


0.0173 


(15) 


0.0261 


C15 


0.0261 


(16) 


0.0248 


(17) 


0.0208 



0.2458 (2) 0.0367 (8) 




0.3062 (4) 0.0586 (14) 




0.3644 


0.070 


* 




0.1558 (3) 0.0434(10) 




0.1607 


0.065 


* 




0.1024 


0.065 


* 




0.1442 


0.065 


* 




0.2627 (4) 0.078 (2) 




0.3274 


0.117 


* 




0.2150 


0.117 


* 




0.2574 


0.117 


* 






U n 




U 


(2) 


-0 00402 (18 s ) 


-0 00322 (171 


a aaa/i a (\ 1\ 
U.UUU4U (1 / ) 


(101 


-0.0041 (9) 


-0.0060 (9) 


a aa i £ (Q\ 
U.UU 1 0 {<$) 


fill 


-0 0061 (9*1 

VJ . VJVJ ^J I I J J 


-0 0060 (91 


U.UU 1 J \y) 


(131 


-0.0125 (10) 


0.0067 (10) 


U.Ul 1 L yVV) 


(111 


-0 0066 (91 


-0 0014 (91 


U.UUOO \y) 


(101 


0.0021 (9) 


-0.0033 (9) 


U.UUUo {<$ ) 


(121 


0 0012 (91 


-0 0077 (91 

VJ .VJ VJ 1 1 \ J 1 


U.U1U3 \y) 


(121 


-0.0023 (10) 


-0.0043 (10) 


U.UUZZ {\-\J) 


(131 


-0.0035 (10) 


-n 0044 (101 

VJ .\J\J~~ 1 ± \J J 


U.UUJo 


04) 


-0.0042 (12) 


-0.0015 (11) 


f\ r\C\A (\ 1 \ 

u.uu^o \ \-\-) 


051 


-0 0073 (131 


-0 0027 (131 

VJ .VJ VJ j-j 1 1 X 1 


U.UUUZ \ \-L) 


(171 


-0 0121 (141 


-0 0017 (131 

\J .\J \J i 1 \ 


U.UU31 yl^) 


(161 


-0.0066 (14) 


-0.0048 (13) 


U.UU J L \ LJ) 


(141 


-0 0066 (131 


-0 0046 (121 

\J .\J \Jiyj i ± i 


U.UUUU yVL) 


(141 


-0 0030 (121 


-0 0037 (121 

VJ .VJ VJ 1 1 ± 1 


U.UUjU (1 1 ) 


051 


-0 0034 (121 

\J . \J\J ~J i i ± j 


-0 0053 (121 


— n nnAn ^^^ \ 

U.UUUU {LL) 


(161 


-0.0008 (13) 


-0.0041 (12) 


U.UU ly {ij) 


(171 


-0 0004 (131 


-0 0065 (131 

\J .\J \J \J ~J i u | 


U.UlUo ^ YD) 


(181 


-0.0063 (13) 


-0.0094 (14) 


U.UU53 


n 6) 


-0 (1(16(1 (1 ?) 


-(1 (1(147 (1 7) 


A AAQQ (\ ->\ 

u.uujy yi^) 


(15) 


-0.0031 (12) 


-0.0034 (12) 


A AA/1 O /111 

U.UU^o ^ YL) 


(2) 


-0.00441 (18) 


-0.00352 (17) 


A AAA/1 1 (\ 1\ 

U.UUU4Z yl / ) 


(13) 


0.0045 (10) 


-0.0161 (10) 


a ai ca nn 
U.Ul jU yi-i) 


(11) 


-0.0018 (9) 


-0.0039 (8) 


A AA*7 1 fQ\ 

U.UU / 1 yy) 


(10) 


-0.0069 (9) 


-0.0027 (8) 


A AAA/1 SQ\ 

U.UUUO ) 


(11) 


-0.0071 (9) 


-0.0041 (8) 


A AAT/1 fQ\ 

U.UUZ4 ) 


(10) 


-0.0171 (10) 


-0.0037 (9) 


U.UUUZ) ) 


(12) 


-0.0108 (9) 


0.0016 (9) 


A AAOA /T\\ 

-U.UUoU (y) 


(13) 


-0.0046 (10) 


-0.0045 (10) 


-0.0019(10) 


(12) 


-0.0050 (10) 


-0.0047 (10) 


-0.0012(10) 


(16) 


-0.0037 (12) 


-0.0069 (12) 


-0.0033 (12) 


(17) 


-0.0018 (12) 


-0.0030 (13) 


-0.0066 (13) 


(16) 


-0.0088 (13) 


0.0009 (13) 


-0.0093 (13) 



sup-5 



supplementary materials 



do 


A A71 1 (\ C\ 

U.UZ31 (lOj 


U.UZj^ (1 0) 


A ATA/1 (\ £\ A AAC 1 ") (\ 1\ 

U.UZUU (loj U.UUDZ yi-j) 


A AAC*7 /I n\ A AA71 (\ 1\ 

U.UUj/ yi-J) U.UU/3 yiJf 


i 7 
CI / 


U.UZU3 (1 D) 


U.Ul y\) y\-~>) 


U.U144 (14) U.UUjI (1ZJ 


A AA/1 1 /I T\ A Anil ^1 

U.UU^l (,1ZJ U.UUZZ^IZJ 


1 o 

Clo 


a at 10 (\ s\ 
U.UZ15 {\-~>) 


U.Ulol (1->J 


U.UZIj (lOJ U.UUjI (1ZJ 


U.UU^^ ^IZJ U.UU4^ ^IZJ 


1 Q 

CIV 


U.UZ4V (1 D) 


U.Ul jZ yl^f) 


U.UU/O (13J U.UU30 (,1ZJ 


U.UU34 (11 ) U.UU1Z (11 ) 


CZU 


U.UZ /O (lOj 


U.Ul o3 (1 Jj 


a ai ci / 1 c\ C\ C\C\AQ f >* 1\ 
U.UlJl \i-~>) U.UU^V 


A f\C\fi.£. ( 1 T\ A A A 7 1 (\")\ 

u.uuoo (izj u.uuzi (izj 


CZ 1 


U.UZ1V {iv) 


U.UZ J j \ Y 1) 


U.UZjZ y l / ) U.UU1 1 ylj) 


U.UUyo y\-j) U.UU/4 yij) 


CZZ 


U.UZUU y\-~>) 


u.uzyj (loj 


U.UZZj \Y 1) U.UUoo ylj) 


U.UU14 yij) U.UU/y (14J 




U.UZ4Z (loj 


A AT n /I /C^ 

U.UZ1Z (,ioj 


a a i nc\ A AACa /I i\ 
U.Ul /O (IjJ U.UUjJ yi-J) 


U.UU43 (,1ZJ U.UU31 (1ZJ 


C24 


0.0237 (15) 


0.0167(15) 


0.0110 (14) -0.0041 (12) 


-0.0019 (11) -0.0039 (11) 


09 


0.048 (2) 


0.081 (3) 


0.097(3) 0.0190 (18) 


-0.046 (2) -0.042 (2) 


N5 


0.0288 (16) 


0.046 (2) 


0.0344 (18) -0.0097 (14) 


-0.0108 (14) -0.0021 (15) 


C25 


0.050 (3) 


0.063 (3) 


0.056(3) 0.018 (2) 


-0.027 (2) -0.021 (3) 


C26 


0.036 (2) 


0.048 (3) 


0.043 (2) -0.0126 (19) 


-0.0038 (18) -0.006 (2) 


C27 


0.046 (3) 


0.075 (4) 


0.098 (5) -0.037 (3) 


-0.027 (3) 0.041 (3) 


Geometric parameters (A, °) 








Mnl— 02W 




1 1 C/1 /"1\ 

2.154 (2) 


r\c no 
U5 — CI 6 


i m {a\ 
1 .23 / (4) 


Mnl— 02 




2.150 (2) 


U6 — CI 6 


1 1H£ (A\ 

1.2 /0 (4) 


Mnl— OIW 




2.1ol (2) 


U / — C24 


1 .25 / (4) 


Mnl— 04 




t 1 /:o 
2.105 (2) 


U6 — C24 


1 1 C"7 {A \ 

1.25/ (4) 


Mnl— Nl 




o ie£ fi 1 * 
2.230 (3 J 


U3 W — Hi W 1 


n Q/i 1 n 
U.641U 


Mnl— N2 




2.2 /y {if 


U3W — Hi W2 


n o /in/i 
U.64U0 


Ol— C6 




1.2o2 (4) 


U4 W — H4W1 


n o a ci 
U.6452 


02— C6 




1 i en \ 
1.2SV (4) 


U4 W — H4 W2 


n o c/i o 
U.6546 


03— C12 




1 1 A 1 //I \ 

1.241 (4) 


JN3 — C13 


1.336 (4) 


04— C12 




1.206 (4) 


JN3 — CI / 


1.340 (4) 


OIW— H1W1 




n oyinc 
U.84U3 


JN4 — C23 


1 1 A 1 i A \ 

1.341 (4) 


OIW— H1W2 




n nine 


TVT/1 1 Q 

JN4 — ciy 


1.3 J / (4j 


02W— H2W1 




n o /im 
U.84U2 


C13 — C14 


1.3y4 (4) 


02W— H2W2 




n o /im 
U.84U2 


C 1 3 — H 1 3 


n nenn 

u.ysuu 


Nl— C5 




1 "3 AH fA\ 

1.340 (4) 


C14 — C15 


1 1 oi /c\ 
1.362 (D) 


Nl— CI 




1.333 (4 J 


pi A TT 1 /I 

C14 — rl!4 


n nenn 


N2— Cll 




1 TIC 

1.335 (4) 


pic pu 
C 1 5 — C 1 6 


1 mc tA\ 
1.3y5 (4) 


N2— C7 




i i cn \ 
1.3SU (4) 


pir ui c 

C 1 5 — ti 1 5 


n nenn 

u.ysuu 


CI— C2 




1 1QA f A \ 

1.364 (4) 


P1£ p 1 -7 

C 1 6 — C 1 / 


1 TOO //|\ 

1.386 (4) 


CI— C6 




1.525 (4) 


PI/ ITU 

C 1 6 — ti 1 0 


n nenn 
U.yDUU 


C2— C3 




1 i nc /c\ 
1.3V5 (p) 


PIT PIO 

C 1 / — C 1 6 


1 em /^i\ 
1.52y (4) 


C2— H2 




u.ysuu 


pin pin 
Ciy — C2U 


1 TOT /1\ 

1.387 (4) 


C3— C4 




1 i on /"e\ 
1.38U (5) 


pin pi< 
Ciy — C24 


1 ele i a\ 
1. 525 (4) 


C3— H3 




n nenn 


pin pTi 
C2U — C2 1 


1 i on /e\ 
1.38y (5) 


C4— C5 




1.36/ (if 


pin mn 
C2U — H2U 


n nenn 

u.ysuu 


C4— H4 




n nenn 

u.ysuu 


pii pn 
C21 — C22 


1 mn /e\ 
1.3yU (D) 


C5— H5 




n nenn 

o.ysoo 


PI 1 T TI 1 

C21 — H21 


n nenn 

o.ysoo 


C7— C8 




1.382 (4) 


C22— C23 


1.390 (4) 


C7— C12 




1.532 (4) 


C22— H22 


0.9500 


C8— C9 




1.395 (4) 


C23— H23 


0.9500 


C8— H8 




0.9500 


09— C25 


1.263 (6) 


C9— CIO 




1.383 (5) 


N5— C25 


1.309 (5) 



sup-6 



supplementary materials 



pn l in 

Cv — tiy 


Pi flCAH 


JN D — CZ / 


1 A AH 

1.44U {J) 


Pin n i 
C1U — CI 1 


1 1 C\£. f A\ 

l.jyb (4) 


JN D — Czo 


1.400 {J) 


P 1 n 1 1 i n 

C1U — hllU 


Pi Pi^PiPi 


PTC TTTC 


n ncnn 
U.VdUU 


pi i 1 1 1 i 
CI 1 — ril 1 


Pi Pi^PiPi 

u.souu 


Pi/; m/ * 


n nonn 
U.VoUU 


Mn? OR 

1V1 1 1 z, — \J O 




V. Z.U 1 1 _ U 15 


U.7OUU 


Mn2 — 03W 


2.156 (2) 


C26 — H26C 


0.9800 


Mn2 — 04W 


2.159 (2) 


C27 — H27A 


0.9800 


Mn2 — 06 


2.179 (2) 


C27 — H27B 


0.9800 


Mn2 — N3 


2.259 (3) 


C27 — H27C 


0.9800 


Mn2 — N4 


2.269 (3) 






P.1\17 A 1 P.1 

U2W — Mnl — U2 


on i 1 /n\ 
5V.21 (y) 


Uo — MnZ — JN3 


"71 in /n\ 

/i.iy (y) 


U2 W — Mnl — Ul W 


Q£. 1A /n\ 

60.34 (y) 


Uo — MnZ — JN4 


1 A qa /n\ 

/4.64 (y) 


p.1 \/„i p,i\i7 
U2 — Mn 1 — U 1 W 


1 /:i no /n\ 
lOi.VS (9) 


U3 W — MnZ — JN4 


nn oo /n\ 

yo.66 (y) 


U2 W — Mnl — U4 


ctA 1 1 /n\ 
y4.13 (9J 


Pi/1\17 M„l XT A 

<J4 W — MnZ — JN 4 


n"7 nn #n\ 

y /.yo (y) 


P*1 A >T« 1 P. /I 

U2 — Mn 1 — U4 


1 m /n\ 
102.52 (9) 


p, A A/T«'l XT /I 

Uo — MnZ — JN4 


1 /;/: c a /n\ 
loo. 54 (y) 


P.1T17 \/„i P./1 

Ul W — Mnl — U4 


m i c /n\ 
yi.15 (V) 


XTO A/T«1 XT A 

JN3 — MnZ — JN4 


m ii /n\ 

y^.2i (y) 


P.1\I7 A H ~ 1 \T1 

U2 W — Mnl — JN 1 


nn /n\ 
yy.52 (9) 


pi o A J„1 

C 1 o — Uo — MnZ 


1 in i/: i 1 n\ 
120.20 (iy) 


P*1 A /T« 1 A.T 1 

U2 — Mnl — JN 1 


"7c 1 i /n\ 
/5.12 (9) 


pt,! PiO Ai„1 

CZ4 — Uo — MnZ 


1 1 o n /i\ 
ll6.y (2) 


P.1A17 A 1 \T1 

Ul W — Mnl — JN 1 


nn a a /n\ 
y(J.44 (y) 


ai„1 {~\1WT 

MnZ — U3 W — hl3 W 1 


1 in £. 
12y.O 


C\A A 1 A.T 1 

U4 Mnl — JN 1 


1 /;/; nn /n\ 
10D.U9 (y) 


MnZ — U3 W — hl3 W Z 


1 1 O A 

116.4 


P.1A17 A /f ~ 1 \n 

U2 W — Mnl — JN2 


1/7 ic /n\ 
lo /.35 (y) 


TU1YI71 Pil\I7 TUIAl^T 

hl3 W 1 — U3 W — hl3 W Z 


1 1 1 n 
1 12.0 


P.1 A T~ 1 "\T1 

U2 — Mnl — JN2 


nn m /n\ 
yU.yj (y) 


P/1\17 UAWTi* 

MnZ — U4 W — hl4 W 1 


171 /T 

131.6 


Ul W — Mnl — JN2 


n/; i/: /n\ 
yt>. lb (y) 


Hi„1 {~\AWT ~\J AWT 1 ") 

MnZ — U4 W — hl4 W Z 


1 1 r 7 

115.2 


P/1 A /!~ 1 "\T1 

U4 Mnl — JN2 


"71 cn /n\ 
/3.50 (y) 


UAWTi* C\AWT TU AWT 1 ") 

hl4W 1 — U4W — hl4WZ 


117 r 

1 12.5 


JN 1 — Mnl — JN2 


ni "7^1 /n\ 

y2. /4 (y) 


p 1 ■> \n p 1 *7 

C13 — JN3 — CI / 


I 1 1 O 

II / .6 (3J 


P£ PI A A~ 1 

Co — U2 — Mn 1 


1 1 o in p n\ 

iis.2y (iy) 


C13 — JN3 — MnZ 


1 11 1 /1\ 

12 /.I (2) 


U 1 2 — U4 Mn 1 


1 1 1 no /1 n\ 
121.U6 (iy) 


CI / — JN3 — MnZ 


1 1 C 1 /1\ 

115.1 \l) 


Mnl — Ul W — HI W 1 


nc t 
125.2 


pii xT/i pin 
CZ3 — JN 4 — C 1 y 


1 1 O A /"3\ 

116.4 \5) 


Mn 1 — U 1 W — H 1 W 2 


1 ">n o 
12U.2 


PT) XT/1 Ayf^T 

CZ3 — JN 4 — MnZ 


1 io O ^1\ 
126.6 (I) 


TJIlin P1^17 

HI W 1 — Ul W — HI W2 


1 11 n 
112./ 


PIP! "\T A A^-. 1 ") 

CIV — JN4 — MnZ 


1 1 1 n /i\ 
112.y (2) 


Mnl — U2 W — H2 W 1 


1 1 O "7 

125. / 


XT1 P 1 1 P 1 /I 

JN3 — C13 — C14 


in n /i \ 
123.0 (i) 


Mnl — U2 W — H2 W2 


I 1 H 1 

II /.I 


XT1 P 1 1 U 1 1 

JN3 — CI 3 — hi 13 


1 IO r 

116.5 


TJ11U1 P1A17 U1A171 

H2 W 1 — U2 W — H2 W2 


1 1 1 n 


pi I A pi 1 I I 1 "J 

C 1 4 — C 1 3 — hi 1 3 


1 1 o c 

116.5 


PC Ml P 1 

C5 — JN 1 — Ul 


1 1 o i n\ 
116.2 (i) 


PK pi/1 pi 1 

C 1 J — C 1 4 — C 1 3 


1 1 o n il\ 
116./ (3J 


PC A.T 1 A /f~ 1 

C5 — JN 1 — Mnl 


no ic 
126.0 (2) 


pi c pi i 1 1 1 
CI J — C14 — hi 14 


1 in £. 
120.0 


( - i xt i a 1 

CI — JN 1 — Mnl 


111 11/1 n\ 
1 13. 12 (iy) 


pi 1 pi /| TT 1 /l 

C13 — C14 — hi 14 


1 in /; 
120.0 


pi 1 "\T1 PI 

Cll — JN2 — U/ 


1 1 o c n\ 
116.3 (i) 


pi /| pi f pu 

C 14 — C 1 j — C 1 o 


1 1 n n 
liy.O (3) 


pi 1 xn A/T« 1 
Ul 1 — JN2 — Mnl 


12 /.2 (2J 


p i /] pi r TJK 

C 1 4 — C 1 j — rl 1 j 


1 in c 
12U.5 


PI Ml A H~ 1 

U/ — JN2 — Mnl 


ii^i"> 
1 14.2 (2J 


PU pi f TJ1C 

Clo — CI J — Hi j 


1 in c 
120.5 


\r1 p 1 

JN 1 — Ul — U2 


122.3 (i) 


P1*7 PU pi f 

C 1 / — C 1 o — C 1 j 


1 1 O A {1\ 

116.4 (i) 


mi pi p/: 
JN 1 — Ul — Co 


1 1 c 1 n\ 
115.1 (i) 


P1*7 PU I I 1 / 

C 1 / — C 1 o — hi 1 o 


1 in o 
120.6 


pi n p/; 
U2 — Ul — Uo 


1 11 /C /"OA 

122.6 (J J 


PK PU UU 

C 1 j — C 1 o — hi 1 o 


1 in o 
120.6 


pi pi pi 
Ul — U2 — C3 


1 1 O "7 /I \ 

116. / (i) 


XT1 pi 7 pi ^ 

JN3 — CI / — Clo 


111 1 /"! \ 

123.1 (3 ) 


pi pi in 
CI — U2 — H2 


120.6 


XTT P 1 *7 pi O 

JN3 — C17 — Cl6 


115.2 (3) 


C3— C2— H2 


120.6 


C16— C17— C18 


121.7 (3) 


C4— C3— C2 


119.3 (3) 


U5— CI 8— U6 


125.6 (3) 


C4— C3— H3 


120.3 


U5— C18— C17 


118.8 (3) 


C2— C3— H3 


120.3 


U6— C18— C17 


115.6 (3) 


C3— C4— C5 


118.7(3) 


N4— CI 9— C20 


122.1 (3) 



sup-7 



supplementary materials 



po p a i i , i 

C 3 — C 4 — hl4 


1 on o 
1ZU. / 


p c a 1 1 ,i 

Cj — C4 — hl4 


1 OA O 
1ZU. / 


JN 1 — CD — C4 


no -T pj \ 
1ZZ. / (J) 


JN 1 — Cj — hlD 


llo.o 


/~M PC I K 

C4 — Cj — hlD 


1 lo.o 


p,0 ( p. 1 

<JZ — Co — <J 1 


1ZD.3 (3 J 


p,1 ( pi 

<JZ — Co — C 1 


ino/"j\ 

1 1 /.y (3 j 


Ol — Co — CI 


1 1 <C O 

llo.o (J) 


mo po ro 
JNZ — C/ — Co 


no c pj \ 
1ZZ.Z) (3) 


M1 PO pi i 

JNZ — C/ — C1Z 


113.3 (3) 


PQ p-7 p| O 

Co — C / — C 1 Z 


no pi p» \ 
1ZZ.U (3) 


c / — Co — cy 


1 i o O /"3\ 

llo.o (3) 


PO po o o 

C/ — Co — hlo 


1ZU.0 


Pn PQ TTO 

CV — Co — hlo 


1ZU.0 


P1 n pn po 

c i u — cy — Co 


no a n\ 

iio.y (3) 


pi a pn on 

ciu — cy — hiy 


1ZU.0 


po pin 1 in 

Co — cy — hiy 


1 on £. 
1ZU.0 


pn pin pi i 

cy — ciu — en 


I 1 O O pJ\ 

llo.o (3) 


pn pin 1 1 1 pi 
cy — C 1 U — hi 1 U 


1 on /z 
1ZU.0 


PI | pin 1 1 i pi 

CI 1 — CIU — hllU 


1 on /z 
1ZU.0 


XJO p 1 1 p 1 Pi 

JN Z — C 1 1 — C 1 U 


no c / 1\ 
1ZZ.3 (3 J 


XT') P 1 1 I I 1 1 

JNZ — CI 1 — rll 1 


no o 
llo.o 


p i pi pi i 1 1 1 i 

CIU — CI 1 — rll 1 


110 0 

1 lo.o 


c\i pn r\A 
<J3 — C 1 Z — 04 


IZo.o (3) 


p,o pn p-7 
<J3 — C 1 Z — C / 


I 1 n o p>\ 

I I /.o (3 J 


r\A pn p-7 
04 C 1 Z — C / 


11 j. 0 (3) 


/"ill m„i P.1YI7 

Uo — MnZ — <J3 W 


1 £1 "71 /OA 

lo3. 15 (o) 


Uo — MnZ — 04 W 


oo 0*7 /n\ 
oo. 11 [y) 


/"ilYXf A.T.-.0 C\AX\T 

<J3 W — MnZ — <J4 W 


o/^ nn ftt\ 
oo. uu (y ) 


OR Mn? 06 

\J O 1V1 11 Z, v ./ U 


ini Qf. (Q\ 


03W — Mn2 — 06 


91 74 (9) 


04W — Mn2 — 06 


95.46 (9) 


08 — Mn2 — N3 


92.93 (9) 


03W — Mn2 — N3 


95.66 (9) 


04W — Mn2 — N3 


168.75 (9) 


PTA17 \/„i pi p/; 
U2 W — Mnl — U2 — Co 


m a /o\ 
y3.4 (Z) 


P1\17 A n ~ 1 pi p/; 

Ul W — Mnl — U2 — Co 


iy.0 (4) 


P/1 A J„ 1 pi P/T 

U4 — Mn 1 — U2 — Co 


1 oo z /o\ 
— 1 11.0 {!) 


\r1 A ,r„ 1 PI p/; 

JN 1 — Mnl — U2 — Co 


& n /o\ 

-6.7 (2) 


"\T1 A/T~1 PI P/; 

JN 2 — Mn 1 — U2 — Co 


nn o /o\ 

— yy.z (Z) 


PHI7 A zf „ 1 P/1 pn 

U2W — Mnl — U4 C12 


1 on o /o\ 

—i /y. / (z) 


pi a n** 1 p/i 

U2 — Mn 1 — U4 — C 1 2 


nn o /o\ 

yu.z (Z) 


Ul W — Mnl — U4 C12 


no 1 /o\ 

-93.1 (2) 


XT 1 A (f ~ 1 f \ A P1 1 

JN 1 — Mnl — U4 — C12 


11.6 (5) 


N2— Mnl— 04— C12 


3.0 (2) 


02W— Mnl— Nl— C5 


95.5 (3) 


02— Mnl— Nl— C5 


-177.9 (3) 


OIW— Mnl— Nl— C5 


9.2 (3) 


04— Mnl— Nl— C5 


-95.9 (4) 



XT A pin po /I 

JN 4 — C 1 y — CZ4 


1 1 C 1 (1\ 

11D.1 (3) 


Pin pm po /i 

czu — c i y — cz4 


1 OO O /"]\ 

1ZZ. / (3) 


Pin pon po 1 

c i y — czu — cz i 


1 1 n o 
liy.Z (3) 


Pin pon uon 

c i y — czu — rizu 


1 on /i 
1ZU.4 


po 1 pon uon 
CZ 1 — CZU — hlZU 


1 on /i 
1ZU.4 


p O A po 1 pn 

CZU — CZ 1 — czz 


llo.o (3) 


Pin poi 1 1 o 1 
CZU — CZ 1 — hlZ 1 


1 on £ 
1ZU.0 


P11 POI TJ0 1 

CZZ — CZ 1 — hlZ 1 


1 on £ 
1ZU.0 


P0 1 POO pn 

CZ 1 — CZZ — CZ3 


lion 
llo.y (3) 


P0 1 POO TJOO 

CZ 1 — CZZ — hlZZ 


1 on c 
1ZU.D 


P11 POO I TOO 

CZ3 — CZZ — hlZZ 


1 on c 
1ZU.D 


XT A P11 POO 

JN4 — CZ3 — CZZ 


1 OO C {1\ 

1ZZ.0 (3) 


XT/1 P11 TTOI 

JN4 — CZ3 — hlZ3 


1 1 o o 
1 lo. / 


P11 POI 1 IT) 

CZZ — CZ3 — hlZ3 


1 1 o o 

llo. / 


V 1 — CZ4 — Uo 


1 OC 0 /"3\ 

1Z!).3 (3) 


{~\H /^o A pin 

u / — cz4 — c i y 


1 1 n n /"3\ 
11 / .U (3) 


r\Q po /i pin 

oo — cz4 — c i y 


I 1 O O /1\ 

II / . / (3) 


pic xtc pn 
CZ5 — JND — CZ / 


1 OC 1 fA\ 

1ZD.1 (4) 


PIC XTC PO 

CZD — JN D — CZo 


iinn f a\ 
liy.y (4) 


POO xtc /''">/: 
CZ / — JN j — CZo 


1 1 /I o fi\ 

114.0 (3) 


pn pic xtc 

uy — czd — jnd 


1 11 C ( 'C\ 

1Z3.0 


pn PIC TTOC 

uy — czd — riZD 


1 1 o o 
1 lo.Z 


XTC PIC TTOC 

JND — CZD — hlZD 


1 1 o o 

1 lo.Z 


xtc p o /c in/ a 
JN j — CZo — hlZoA 


1 nn c 

iuy.3 


XTC p o /L i n/n 

JN j — CZo — hlZoB 


1 nn c 

iuy.!> 


in/ * pi/ 1 1 o /li) 
hlZ o A — CZ o — hlZ or> 


1 nn c 

iuy.D 


XTC / ' O /L I I O /L P 

JN j — CZo — hlZoC 


1 nn c 

iuy.3 


I I -> /; a pi/ i I o /. p 

hlZ o A — CZ o — hlZ oC 


1 nn c 

iuy.3 


1 1 o /» O pi/: 1 1 -» /: / ' 

hlZoB — CZo — hlZoC 


1 nn c 

iuy.!> 


IN J 1 1 1 _ / r\_ 




N5 — C27 — H27B 


109.5 


H2 7 A — C2 7 — H2 7B 


109.5 


N5 — C27 — H27C 


109.5 


H2 7 A — C2 7 — H2 7C 


109.5 


H27B — C27 — H27C 


109.5 


Ui W — Mn2 — U6 — C 1 o 


OO £ /o\ 

—oo.o \l) 


U4 W — Mn2 — U6 — C 1 o 


1 O A O ZO\ 

-1 /4.0 (Z) 


A.T1 M„1 /~v/r pio 

JN i — Mn2 — U6 — C 1 o 


o /o\ 

6.7 (2) 


~\ta m„i r\£ pio 
JN 4 — Mn2 — U6 — C 1 o 


12.5 (5) 


Ui W — Mn2 — Uo — C24 


21. y (4) 


r\A\\i \4„1 p.o pii 
U4 W — Mn2 — Uo — C24 


y 1.2 (2) 


U6 — Mn2 — Uo — C24 


-1 /3.6 (2) 


Ml A/T~T PO P11 

JN 3 — Mn2 — Uo — C24 


— 100.0 (2) 


A.T/1 H„l PO PT/1 

JN 4 — Mn2 — Uo — C24 


-7.4 (2) 


U8— Mn2— N3— C13 


70.6 (3) 


03 W— Mn2— N3— C 1 3 


-95.6 (3) 


04W— Mn2— N3— C 1 3 


166.4 (4) 


U6— Mn2— N3— C13 


174.3 (3) 


N4— Mn2— N3— C13 


-4.4 (3) 



sup-8 



supplementary materials 



\n n j„i xn 

JNZ — Mnl — JN 1 — Cj 


— O/.O (3) 


U2W — Mnl — JN 1 — CI 


oo c /o\ 
-oZ.j (Z) 


PiO a ,»,, i mi ni 

Uz — Mnl — JN 1 — CI 


a no /1 n\ 
4.Uo {[y) 


Ul W — Mnl — JN 1 — CI 


i/to n /o\ 

-loo.y (zj 


U4 — Mnl — JN 1 — CI 


O/C 1 SA\ 

oo.l (4) 


XTO M„1 \ri rii 

JNz — Mnl — JN 1 — CI 


n/i o /o\ 
y4.3 (Z) 


UzW — Mnl — JNZ — CI 1 


1 /CO 1 f A\ 

loz. / (4) 


PiO a ,i„ i \n ni i 

Uz — Mn 1 — JN Z — C 1 1 


OO 1 fl\ 

72.1 (3) 


Ul W — Mnl — JNZ — CI 1 


— yi.O (3) 


r\A \f„l XTO PI 1 

U4 — Mn 1 — JN Z — C 1 1 


1 O/l a fi\ 
1 /4.y (3 ) 


Ml A J„] \M pi I 

JN 1 — Mnl — JNZ — CI 1 


i n /o\ 

-3.0 (3) 


P.OYI7 A J„I \n P*7 

UzW — Mnl — JNZ — C / 


1 c n /c\ 
— 13.U (3) 


P.O A J„I \n P*7 

Uz — Mn 1 — JN Z — C / 


1 nc /c /o\ 
— 1U3.0 (Z) 


P.1YI7 A Jul M1 P*7 

Ul W — Mnl — JNz — C / 


oo c /o\ 
00. 3 (Z) 


p./i a Jr,i \n P*7 

U4 — Mn 1 — JN Z — C / 


o o /o\ 
— Z.5 (Z) 


Ml A/f-.1 Ml P*7 

JN 1 — Mnl — JNZ — C / 


1 on i /o\ 

1 /y.3 (Z) 


PC ATI pi PI 

C j — JN 1 — C 1 — Cz 


0.5 (4) 


A ,f„ 1 \J1 pi pt 

Mnl — JN 1 — CI — Cz 


1 oo o /o\ 

1 /o. / (z) 


pC Ml PI P/C 

C3 — JN 1 — CI — Co 


— loU.U (3 ) 


AJ„I M1 P1 P/C 

Mnl — JN 1 — CI — Co 


1 O S1\ 

-1.7 (3) 


Ml PI PI PI 

JN 1 — CI — Cz — CJ 


n c /c\ 
—U.J (J) 


P/T pi PT PI 

Co — CI — CZ — C3 


— loU.U (3 ) 


p| PT PQ p A 

C 1 — Cz — C 3 — C4 


n o /c\ 

0.2 (5) 


PO PI P /] PC 

Cz — C 3 — C4 — C j 


n n /c\ 

0.0 (5) 


pi XT 1 PC P /I 

CI — JN 1 — CD — C4 


n o /c\ 

-0.2 (5) 


A ,f „ 1 XT 1 pc P /I 

Mnl — JN 1 — Cj — C4 


1 oo o /o\ 
—1 /o.Z (Z) 


PI p A PC XT1 

CJ — C4 — C 3 — JN 1 


n n /c\ 
U.U (3) 


AJ„| P.O P/C ( \ 1 

Mn 1 — Uz — Co — U 1 


1 oi n /o\ 
— 1 /3.U (Z) 


A J„| (\~) P/C PI 

Mn 1 — Uz — C o — C 1 


o.U (3) 


Ml PI P/C ( 

JN 1 — CI — Co — Uz 


a r\ sa\ 
4.U (4) 


PI pi p/r p.-> 

Cz — CI — Co — Oz 


1 OC C (1 \ 

1 / J.J (3) 


Ml Pi P/C p.1 

JN 1 — CI — Co — Ul 


1 o/; n /o\ 
1 /O.y (Z) 


PI pi p/: p.i 

Cz — CI — Co — U 1 


-3.5 (4) 


PI 1 MO P*7 PO 

CI 1 — JNZ — C / — Co 


1.9 (4) 


A J„| \n P*7 PO 

Mnl — JNZ — C / — to 


1 on o /o\ 
1 /y.o (Z) 


P 1 1 mo po pn 
C 1 1 — JN Z — C / — C 1 Z 


_ 1 / 3.4 (3 J 


A ,f„ 1 MO P*7 pn 

Mnl — JNZ — C / — Clz 


O /I /"3\ 

2.4 (3) 


M1 PO PQ Pp. 

JNz — C / — Co — Cv 


1 O /C\ 

-1.3 (5) 


P1 o p*7 po pn 

ciz — c / — Co — cy 


1 oc n (i \ 
1 /3.y (3) 


po po pn pin 
C / — Co — CV — C 1 U 


n i /c\ 

-0.3 (5) 


po pn pin P11 
Co — CV — C 1 U — C 1 1 


1 1 /C\ 

1.1 (5) 


P*7 XTO P 1 1 P 1 n 

C/ — JNZ — Cll — C1U 


1 n /c\ 

-1.0 (5) 


A /[,-. 1 XTO P 1 1 P 1 n 

Mnl — JNZ — Cll — C1U 


1 oo c /o\ 
_ 1 /o.o (Z) 


pn p 1 n p 1 1 mo 

C9 — CIO — CI 1 — N2 


n c /c\ 

-0.5 (5) 


Mnl— 04— CI 2— 03 


178.6 (3) 


Mnl— 04— CI 2— C7 


-2.7 (3) 


N2— C7— CI 2— 03 


178.8 (3) 


C8— C7— CI 2— 03 


1.5 (4) 


N2— C7— CI 2— 04 


0.0 (4) 



PiO A Jr,1 Ml P10 

Uo — MnZ — JN3 — CI / 


1 no £. /o\ 
-lUo.O (Z) 


C\1WJ A/T^O Ml P10 

U3W — MnZ — JN3 — CI / 


oc o /o\ 
o3.Z (Z) 


P*/1\17 A Jul Ml P10 

U4W — MnZ — JN3 — CI / 


1 O O //C\ 

-IZ.o (o) 


( \f A .f „ ~l XTQ P 1 O 

Oo — MnZ — JN3 — CI / 


a n /o\ 

-4.9 (2) 


~KTA A Jnl XTO P10 

JN4 — MnZ — JN3 — CI / 


1 O/C A /0\ 

1 /0.4 {I) 


P*0 A/In') M/1 POI 

Uo — MnZ — JN 4 — CZ3 


1 OO A /OA 

_ 1 1 1 A (3 ) 


P*1YI7 Alnl XT /I POO 

U3 W — MnZ — JN4 — Cz3 


1 n c (i \ 
1U.3 (3) 


{~\AWT Alnl XT/1 POI 

U4 W — MnZ — JN 4 — Cz3 


n/c /c (i \ 
yo.O (3) 


f~\£. A Jul XT/I POI 

Uo — MnZ — JN 4 — Cz3 


nn o /c\ 

— yu. / (3) 


XT1 Alv.1 XT/1 POI 

JN 3 — MnZ — JN 4 — Cz3 


O C O (1\ 

-03.Z (3) 


PiO A/T«0 XT A PIO 

Uo — MnZ — JN 4 — C 1 y 


A A A /1 n\ 

4.44 (iy) 


{~\1WT AJnl XT A Pin 

U3 W — MnZ — JN 4 — C 1 y 


1 /CO o /o\ 

—Lb/. / (ZJ 


{~\AWT A/T-.0 ~\JA Pin 

U4 W — MnZ — JN4 — C 1 y 


O 1 c /o\ 
-ol.o \l) 


(\A Alv.1 XT A pin 

Uo — MnZ — JN 4 — C 1 y 


n 1 1 (A \ 
yi.l (4) 


XT1 Alnl XT A Pin 

JN 3 — MnZ — JN 4 — C 1 y 


n/c /c /o\ 
yo.O {I) 


p 1 -7 XTO pn P 1 A 

CI / — JN3 — C13 — C14 


n o /c\ 

-0.7 (5) 


A /I „ ~) XTO P 1 1 P 1 A 

MnZ — JN 3 — C 1 3 — C 1 4 


1 on n /o\ 

—i /y.y (Z) 


mi pn pi /i pic 
JN 3 — C 1 3 — C 1 4 — C 1 3 


1 1 /c\ 

-1.1 (5) 


P 1 1 P 1 A p 1 C PU 

C 1 3 — C 1 4 — C 1 3 — C 1 o 


1 1 /C\ 

1.3 (5) 


P 1 A p 1 C PU PIO 

C14 — C13 — Clo — CI / 


n i /c\ 

0.3 (5) 


P 1 1 XT1 PIO PI £ 

C 1 3 — JN 3 — C 1 / — C 1 o 


O A /C\ 

2.4 (5) 


A \* O XTO P 1 O PU 

MnZ — JN3 — CI / — Clo 


1 oo o /o\ 
— 1 /o.3 {!) 


P 1 1 XT1 P 1 O P 1 O 

C 1 3 — JN 3 — C 1 / — C 1 0 


1 O/C 1 (1 \ 

1 /O.l (3) 


A A .-. O XTO P 1 O P 1 O 

MnZ — JN3 — CI / — Clo 


O 1 /o\ 

3.1 (3) 


P1C PU PIO xti 

C1j — Clo — CI / — JNj 


o o /c\ 

-2.2 (5) 


p 1 C PU PIO PIO 

C 1 3 — C 1 0 — C 1 / — C 1 0 


1 O/C o /o\ 
1 /O.Z (3) 


A|„l f~\£. PIO PiC 

MnZ — Uo — C 1 o — U 3 


1 Ol o /0\ 

1 15.1 (3) 


AJ„1 PIO PIO 

MnZ — Uo — Clo — CI / 


-7.3 (3) 


XT1 P 1 O P 1 O P.C 

JN 3 — C 1 / — C 1 0 — U 3 


1 OO C /"]\ 

-1 /O.J (3) 


PU PIO PIO P*C 

C 1 0 — C 1 / — C 1 0 — U 3 


i n /c\ 

3.0 (5) 


XT1 P 1 O P 1 O Pi/C 

JN 3 — C 1 / — C 1 0 — Uo 


O A ( A\ 

2.4 (4) 


PU PIO PIO P*/C 

Clo — CI / — Clo — Uo 


i o/c 1 fy\ 
— 1 /O.l (3) 


poi xt a pin pon 

cz3 — jn 4 — c i y — C2U 


n i //i\ 

-0.3 (4) 


a a* o xt/i pin pon 
MnZ — JN 4 — C 1 y — CzU 


1 OO 1 /o\ 

1 /o.l (Z) 


POI XT A Pin po /I 

Cz 3 — JN 4 — C 1 y — C24 


1 on n /o\ 

i /y.y (Z) 


AJ„') XT A Pin PO/1 

MnZ — JN 4 — C 1 y — CZ4 


-1.8 (3) 


xt a pin pon poi 
JN 4 — c i y — CzU — Cz 1 


n c //lA 

0.5 (4) 


PO/1 p 1 n pon po 1 

cz4 — c i y — CzU — CZ 1 


1 on o /o\ 
-1 /y. / (3) 


p 1 n pon po 1 poo 
c i y — CzU — CZ 1 — CzZ 


n n /c\ 

0.0 (5) 


pon poi poo poi 
CzU — Cz 1 — CzZ — Cz3 


n c /c\ 

-0.5 (5) 


p 1 Q XT/1 C")"! POO 

C 1 y — JN 4 — CZ3 — CZZ 


-0.3 (4) 


A J„l XT/I POI POO 

MnZ — JN4 — Cz3 — CzZ 


1 OO /I /o\ 

— 1 /o.4 {I) 


POI POO POI XT A 

Cz 1 — CzZ — C23 — JN 4 


n o /c\ 

0.7 (5) 


A T—O r\o PO A /~\o 

MnZ — Uo — Cz4 — U / 


-171.5 (2) 


Mn2— 08— C24— C19 


9.0 (3) 


N4— CI 9— C24— 07 


175.9 (3) 


C20— CI 9— C24— 07 


-3.9 (4) 


N4— CI 9— C24— 08 


-4.5 (4) 


C20— C19— C24— 08 


175.6 (3) 



sup-9 



supplementary materials 



C8— CI— CI 2- 


-04 


-177.4 (3) 




C27— N5— C25— 09 




-176.4 (5) 


08— Mn2— 06— CI 8 


yj.D yz. ) 




V^ZO — IN J — V^Z J — yjy 




l.Z (/) 


Hydrogen-bond geometry (A, °) 












D—H-A 






D — H 


K—A 


D-A 


D — H 


01W— H1W1- 


■or 




0.84 


1.97 


2.729 (3) 


150. 


01W— H1W2- 


•06" 




0.93 


1.76 


2.685 (3) 


177. 


02W— H2W1- 


•05" 




0.84 


1.90 


2.713 (3) 


164. 


02W— H2W2- 


■Ol"' 




0.84 


1.87 


2.700 (3) 


168. 


03W— H3W1 ■ 


■Ol 1 " 




0.84 


1.92 


2.723 (3) 


160. 


03W— H3W2- 


■04 




0.84 


1.85 


2.688 (3) 


175. 


04W— H4W1- 


■03 




0.85 


1.89 


2.734 (3) 


174. 


04W— H4W2- 


■07 iv 




0.85 


1.88 


2.704 (3) 


162. 


C13— H13 -09 






0.95 


2.31 


3.031 (5) 


133. 



Symmetry codes: (i) -x+1, -y+l, -z; (ii) x—\,y, z; (iii) -x+1, -y, -z+1; (iv) -x+2, -y+1, -z. 
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